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Abstract 

Background: Activated platelets play a major role in acute vessel closure after coronary angioplasty. Although aspirin is the routine 
therapy during angioplasty, it only incompletely prevents acute closure. This might be due to suboptimal dosing. Objective: First, to study the 
effect of additional high-dose aspirin on platelet activation during coronary angioplasty. Second, to assess the potential of the new PFA-1 00 
analyzer to evaluate the effect of different doses of aspirin in patients undergoing angioplasty. Methods: Fifty-one patients on 1 00 mg aspirin/ 
day for at J cast 1 month were randomized to continuation of 100 mg aspirin/day only (Group A= 24 patients), or to this Tcgimc phis a bolus of 
1000 mg of aspirin given 1 day before angioplasty (Group B- 27 patients). Results were compared with 15 controls. Platelet function was 
measured before angioplasty by the PFA-1 00 analyzer; platelet activation was measured by flow cytometry just before and 1 h after angioplasty. 
Results: At baseline* Group A had significantly more activated platelets than the control group (/ > <.001). High-dose aspirin in Group B 
resulted in significantly lower platelet activation as compared with both controls (/ > <.001) and Group A (/ > <.00l). During angioplasty, 
the number of activated platelets decreased significantly in Group A (,/><, 00 IX while there was no change in Group B (P=.6). The PFA- 
100 analyzer was unable to detect differences between the two treatment groups. Conclusions; The addition of high-dose aspirin to daily 
low-dose aspirin, 1 day before coronary angioplasty, significantly reduced the platelet activation state befbie and after intervention. The 
PFA-1 00 analyzer did not delect differences in the effect of low- versus high-dose aspirin on platelet function, ® 2002 Elsevier Science Ltd. 
All rights reserved. 
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1. Introduction 

Platelet activation plays a major role in acute vessel clo- 
sure after percutaneous coronary intervention (PCI). Aspirin 
pretreatment has been shown to reduce acute closure [1], 
However, despite aspirin Treatment, coronary thrombosis still 
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occurs [2,3]. Apparently, platelet inhibition with aspirin only, 
at dosages currently used, is incomplete. 

One reason for aspirin failure during PCI may be that 
patients become less responsive to fixed long-term dose of 
aspirin [4]. In vitro studies suggest that an additional anti- 
thrombotic response can be obtained when aspirin is admin- 
istered as a high-dose bolus [5], This better response may be 
due to inhibition of the prothrombotic effects of erythrocytes 
on platelet reactivity [5]. 

These observations made us hypothesize that an increase 
of aspirin dose may result in a better outcome after PCI. 
A first step in funding proof for this concept is assessing the 
effect of additional high-dose aspirin treatment on platelet 
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activation in tbe setting of PCI- For this, we used whole- 
blood flow cytometry whh cpilopc-dependenl monoclonal 
antibodies, which is an extremely reliable measure of the 
platelet activation state [6J. However, flow cytometry is la- 
bor-intensive and cannot be used as a routine test Therefore, 
we also evaluated whether the automated PFA-100 analyzer, 
which provides results on platelet function within a few. 
minutes, could be a useful alternative to assess the effect of 
dilTerent dosages of aspirin in angioplasty patients. 



2. Materials and methods 

2.U Patients 

All consecutive patients planned to undergo elective PCI 
who were on low-dose aspirin for at least 1 month were 
candidates for enrollment in the trial. Angioplasty for acute 
myocardial infarction, known allergy to aspirin and use of 
coumarins, known plateJet dysfunction or coagulation dis- 
order, platelet count < 90 g/K hematocrit < 0.28 1/1, crea- 
tinine > 120 ujboI/I and planned use of glycoprotein Jlb/HIa 
receptor blockers were exclusion criteria. In addition, IS 
other patients who were on aspirin 100 trig/day for at least 
1 month and who underwent diagnostic coronary angiogra- 
phy were studied. This control group served to study the 
effect of the nonionic, low-osmolality contrast agent (iopro- 
midc; Ultravist-370, Schcring, Berlin, Germany), used in our 
clinic, on platelet function and activation. 

2.2. Procedures 

All study patients continued to use J 00 mg of aspirin 
until after the procedure. Compliance with aspirin treatment 
was ascertained by a personal interview at the time of 
randomization, 1 day before and just before intervention. 
Study patients were randomized 1 week before the interven- 
tion to continuation of 100 mg of aspirin only (Group A), 
or to this regime plus an additional bolus of 1000 mg of 
aspirin given on tbe evening before angioplasty (Group B). 
Randomization was performed by sealed envelopes. All 
patients gave informed consent and our institutional ethics 
committee approved the study protocol. The operators and 
the technician who performed the platelet function studies 
were blinded for the study medication- The additional high- 
dose aspirin was given on the evening before angioplasty. 
Platelet activation was measured just before and 1 h after 
PCI; PFA-100 measurements were performed just before 
PCL At the start of the procedure, a bolus of 70 IU/kg 
infraction at cd heparin was given to all patients. Calcium 
antagonists were given from the day before the procedure 
until 6 weeks afterwards. Intravenous nitroglycerin was 
infused from just before the procedure until 2 h after and 
200-500 ml of 0.9% saline was infused during the proce- 
dure, A policy of provisional stentlng was used In case of 
stent placement, clopidogrcl was started shortly after the 



second blood sample was taken. Electrocardiograms and 
serum creatine phosphokinasc (CPK) and CPK-MB were 
obtained before and after the procedure. If abnormalities 
were noted, serial analysis was done. 

2.3. Specimen sampling 

All blood samples were taken by the same technician 
after the patient had been supine for at least 30 min, just 
before and 1 h after angioplasty. Blood was taken from the 
antecubrtaJ vein through a 21 -gauge needle with minimal 
venous congestion. Two milliliters of blood was collected io 
an EDTA tube for hematocrit determination and platelet 
counL For determination of factor VHl:c* 2.7 ml of blood 
was drawn into 0.3 ml of sodium citrate (0.106 M) and 
placed on ice immediately. Two milliliters of blood was 
collected in a lithium-heparin tube for measurement of 
potassium, sodium, creatinine and creatinine phosphoki- 
nasc. An amount of 4.5 ml of blood was drawn into a 
Monovctte tube (Sarstcdt, Numbrccht, Germany) containing 
0.5 ml of 0.105 M buffered sodium citrate (pH 5.5) and kept 
at room temperature for immediate determination of platelet 
function and immunolabelling. 

2.4. Whole-blood flow cytometry 

A no-wash direct double-label immunofluorescence 
staining procedure in whole blood was used as described 
previously [6]. The platelet population was identified from 
its light scatter characteristics and identity was confirmed 
using a fluorescein isothiocyanate (FITC)-conjugaled mono- 
clonal antibody (MAb) to the platelet membrane glyco- 
protein lb (25.0 ug/ml CD42a; clone: SZ1; isotype: IgG 2o ; 
Bcckman Coulter, Mijdrccht* the Netherlands). A bitmap 
was set around the platelet population and adjusted for 
each sample in order to ensure that >98% of the particles 
analyzed was positive for CD42a. Activated platelets were 
identified with the use of phycoerythrin (PE)-cOnjugatcd 
MAbs to CD62p (6.25 ug/ml) and CD63 (7.5 p-g/ml) 
(clones: CLB-Thromb/6 and CLB gran/12, both igGi mouse; 
Beckman Coulter). CD62p (P-selectin) becomes exposed on 
the platelet surface coincident with a-granule secretion and 
CD63 during lysosomal secretion. The IgGi mouse control 
MAb (clone: X40; isotype: IgGj; Bccton Dickinson, Woer- 
den, the Netherlands) was used to set a threshold for acti- 
vated platelets. 

Three microliters whole blood was diluted with 30 fJ of 
I so ton II (Beckman Coulter) and incubated with 2 ul of 
saturating concentrations of antibodies for 25 min in dark- 
ness. After the incubation procedure, the mixture was diluted 
with 1 ml of 1% paraformaldehyde in Isoton II and analyzed 
on an EPTCS ,H flow cytometer (Beckman Coulter). Ten 
thousand platelets were counted and activation state was 
expressed as the absolute number of platelets positive for a 
specific epitope using XL2 software after the subtraction of 
nonspecific binding of MAbs. 
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2.5. Platelet junction testing 

The PFA-100 analyzer (Dade Bchring, Germany) was 
used, which measures the pialcleVrelalcd primary hemc-sta- 
sis capacity of anticoagulatcd whole blood under high shear 
condiiions. The lime needed to form a platelet plug occlud- 
ing the aperture cut into a collagcn/cpincphrme (COL/EPI)- 
or collagen/adenosine 5'-dipbospbate (COL/ADP)-coated 
membrane is determined and reported as the closure time 
(CT). The combination of the two tests enables discrimina- 
tion of aspirin effects from other causes of platelet dysfunc- 
tion [7]. Reference values [10-90 percentiles] established in 
our laboratory were 79- 1 42 s for COL/EP1 (CV 1 1 .$%y and 
60- 100 s for COL/ADP (CV 9.6%>induccd CT. Based on 
the COUE?} results, patients were categorized as nonres- 
ponders (CT < 1 42 s), less-respondcrs (1 42 ^ CT ^ 300 s) or 
rcspondcrs (CT>300 s), 

2.6. Factor V!U:c assay 

Factor Vlll:c analysis was done on the STA-R (Boeh- 
ringer, Mannheim, Germany) according to the standard pro- 
cedure with Roche reagent PIT 1 . Normal values for factor 
VHI;c arc 80-160%. 

2. 7. Statistical analysis 

Differences in treatment groups were tested with Student's 
t lest or with ihe nonpafametric wjJcoxon's rank sum test. 
Results are reported as mean (standard deviation), respec- 
tively, as median [25-75 percentiles]. Platelet count was 
adjusted for hemodilution according to van Beaumont [8]. 



3. Results 

Randomization assigned 24 patients to Group A (100 mg 
of aspirin) and 27 patients to Group B (100 + 1000 mg of 
aspirin). The basic clinical and angiographic characteristics 
did not differ significantly between the two groups (Table 1). 
A stent was placed in 1 1 patients (44%) in Group A and in 
13 patients (48%) in Group S. Angioplasty was complicated 
in one patient in Group A, who developed a non Q-wave 
myocardial infarction due to side branch occlusion. None of 
the patients suffered from a bleeding complication. 

3 J. Control group 

In two controls, obstructive coronary disease (lesion 
>50% diameter stenosis) was diagnosed. Average values 
for hematocrit and platelet count are depicted in Table 2. 
Angiography resulted in a nonsignificant increase in the 
median indexes for CD62p and CD63 (Table 2). The median 
COL/EPI-induccd CT was 300 (238-300) s; the median 
COL/ADP-induced CT was 8g (84-119) s. Nine control 
patients showed normal COL/EPI-induced aggregation val- 
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Tabic I 

Clinical and angiographic characteristics of xhc study patients 





Group A 


Group B 






(n-24) 


("-27) 


P value 


- 

Age (years) 


£1 P -t- 1 P 

W.o ± I .0 




,7 


Male sex 


21 (88) 


22 (82) 


.7 


Risk factum 








Diabetes 


2(8) 


1 (4) 


,3 


Hypertension 


7 (29) 


9 (33) 


.8 


Total cholesterol > 5 m mo 1/1 


IS (73) 


22 (Rl) 


.7 


Smoking in preceding half year 


6 (25) 


5 (19) 


.7 


Clinical history 








Previous myocardial m&rcoon 


10 (42) 


6(22) 


.2 


Previous angioplasty 
Angina class (CCS ) 


40 (15) 


37 (14) 


.3 








J 


1 (4) 


2(7) 




u 


13 (54) 


8 (30) 




III 


10 (42) 


17 (63) 


.3 


(Vblockcr use 


20(83) 


22(82) 


1.0 


Statin use 


12(50) 


12(44) 


-R 


lycctiOG fraction <50% 


5(2D 


4 (15) 


.9 


Number of diseased vessels 








1 


17(71) 


22(82) 




2 


6(25) 


3(M) 




3 


J (4) 


1 (4) 


.5 


Lesion type 








A/Bl 


U (48) 


14 (45) 




B2/C 


18 (62) 


17(55) 


.6 


Reference diameter 


3.11*0.45 


3.27 A 0.40 


2 


Stenxed lesions 


U (46) 


13 (48) 


1.0 



Age is expressed as mean ± SD; Ihe Other values ore expressed us num- 
bers (%). 

8 The Canadian Society Cardiovascular classification was used. 



ucs> five patients were Icss-rcsponders and one patient 
was a nomcspondcr. The mean ± SD for factor VTH:c was 
132 ±35%. 

3.2. Hemocytometric data and platelet activation be/or* 
intervention in Groups A and B 

Average values for hematocrit and platelet count were 
similar in the two study groups {Table 2). Mean ± SD for 
factor Vlll:c were also similar in the two groups (153 ± 43% 
in Group A and 157 ± 39% in Group B, i>=NS). The factor 
VIIIic values in Groups A and B did not differ significantly 
from controls {P=32 and P=.lb, respectively). 

Median indexes for CD62p and CD63 in Group A were 
significantly higher than in controls (Table 2). Median 
indexes for CD62p m Group B, however, were significantly 
lower than both in controls and Group A. CD63 value in 
Group B was significantly lower than in Group A, and si- 
milar to that in the control group (Table 2\ 

3.3. Hemocytometric data and platelet activation after 
intervention in Groups A and B 

During intervention, the hematocrit decreased signifi- 
cantly in both Groups A and B (Table 2). Also the platelet 
count decreased during intervention in the two groups, but 
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when corrected for hematocrit, this number appeared to be 
increased in both groups (Table 2). 

The median CD62p index decreased significantly in 
Group A, whilst CD62p remained almost undetectable in 
Group B (Tabic 2). Findings with CD63 assessment were 
similar: a significant decrease was noted in Group A, whilst 
undetectable pre and post in Group B (Tabic 2), 

S,4- Platelet function before intervention in. Groups A and B 

Before intervention, only 1 3/24 (54%) patients in Group A 
and 16/2? (59%) patients io Group B showed a full response 
to aspirin (P—QJ) (Table 2). Thus, many patients in both 
groups were less- or nonrcsponders to aspirin. In addition, 
high-dose aspirin did not significantly prolong the COL/£PI- 
induced CT (Table 2). The median COL/ADP-induccd CT 
was within the normal range in both groups (data not shown). 

3.5, Correlation between platelet activation and CT 

There was no correlation between values for platelet acti- 
vation and factor Vlil:c, neither between values for platelet 
activation and COL/EPI-induced CT. 

3.6, Balloon versus stent 

Before and after angioplasty, no significant difference was 
noted in platelet activation state between stented and non- 
stentcd patients both for Groups A and B (data not shown). 



4. Discussion 

The dosage of aspirin required for complete inhibition of 
platelet aggregation varies for each subject [9-11]. Further- 
more, the inhibitory effect of a fixed dose of aspirin might 
decrease over time [4]. Therefore, less-responders to long- 
term low-dose aspirin may benefit irom an additional high- 
dose aspirin to prevent platelet aggregation during coronary 
intervention. Our results show that administration of a high- 
dose bolus of aspirin in addition to long-term, low-dose 
aspirin significantly reduces platelet activation before and 
during intervention. This suggests that additional high-dose 
aspirin may prevent peri-interventional complications be- 
cause high platelet activation has been shown to be asso- 
ciated with an increased risk of coronary thrombosis during 
coronary angioplasty [1 2], 

4 J. Platelet activation 

In the present study, three interesting observations related 
10 platelet activation were made. First* in patients with symp- 
tomatic coronary disease, long-term treatment with low-dose 
aspirin did not prevent an activated platelet state. This was 
demonstrated by more activated platelets in Group A as 
compared with the control group. Thus, platelet inhibition 



with long-term ] 00 rog/day aspirin is incomplete. Second* an 
additional bolus of 1000 mg of aspirin 1 day prior to in- 
tervention almost completely eliminated platelet activation. 
The number of activated platelets m Group B was even less 
than in the control group. Third, in patients pretreated with 
low-dose aspirin only, the number of activated platelets 
decreased during intervention, whereas platelet activation 
remained constant in patients treated with a high-dose bolus 
aspirin. This decrease of activated platelets could have been 
due to consumption, as has been demonstrated before [13]. 
We can only speculate that part of these platelets was 
attached to the activated plaque. Jn contrast, platelet activa- 
tion increased in the control group due to the angiography 
and/or contrast agent, as has been demonstrated previously 
[14], These controls, however, did not have an angioplasry- 
damaged vessel wall serving as a Substrate for platelet at- 
tachment In the treatment groups, the total platelet count 
showed an increase, which was probably due to recruitment 
of originally sedentary platelets from the spleen, bone mar- 
row and lungs [15]. 

4J. PFA-100 analyzer 

Our data demonstrate that in patients undergoing PCT who 
arc on low-dose aspirin, the present PFA-100 system is 
unable to detect the effect of additional high-dose aspirin. 
The poor sensitivity of the present PFA-100 system may be 
due to the high concentrations of stimuli in the COL/EP1 
cartridge [16]. These powerful thrombotic stimuli could 
bypass the arachidonic acid pathway leading directly to 
platelet activation. An additional reason may be the limita- 
tion of the CT to 300 s. 

In contrast, the PFA-100 system may be useful to detect 
non- or less-rcspondcrs. In our study, many patients were 
non- or less-responders to long-term aspirin. This is in 
agreement with previous observations, showing that only 
about half of the patients with atherosclerosis shows the 
expected effect of aspirin [4,17-19]. Less-responders to 
aspirin may be at higher risk for thrombotic complications 
during angioplasty and may therefore benefit from the use of 
stronger antithrombotics such as the platelet glycoprotein 
ITb/TTTa receptor blockers. Likewise, Mueller et al. [18] 
demonstrated that re occlusion following peripheral arterial 
angioplasty could be predicted based on insufficient response 
to aspirin with use of whole-blood aggregomctry. How- 
ever, we have to stress that prospective trials are required 
to prove clinical benefit for patients in terms of event-free 
survival after PCI and the predictive value of the PFA-100 
for the outcome. 

Because platelet-related primary hemostasia under high 
shear conditions depends on von Willebrand factor levels, 
we also measured factor VIII: c activity, which is closely 
linked to von Willebrand factor [15]. In contrast to others, 
we did not find a correlation between factor VIIIx activity 
and COL/EPI-induCcd CTs [20]. Therefore, in our study, 
differences in von Wfllebrand factor cannot be the explan- 
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ation for the observed differences between respooders and 
less- or nonrcsponders. 

4,3. Limitations 

Because most patients undergoing angioplasty in our 
center arc referred from other centers, wc were unable to 
measure the platelet activation status before the administra- 
tion of a high-dose bolus of aspirin m Group B. Thus, wc do 
not know the direct effect of high-dose aspirin on the platelet 
activation status. However, considering mat the administra- 
tion of an additional dose of aspirin was the only major dif- 
ference between the two study groups, it is reasonable to 
conclude that the reduced activation status in Group B was 
due to the high-dose aspirin. 

5. Conclusion 

An additional bolus of 1000 mg of aspirin given 1 day 
before coronary angioplasty almost completely abolishes 
platelet activation before and after coronary intervention, 
while 1 00 mg of aspirin per day only docs not In addition, in 
patients undergoing PCI who are on low-dose aspirin, the 
present PFA-100 system is unable to detect the effect of 
additional high-dose aspirin. 
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